• BARTH ET AL. The spectra produced by the impact of 20-ev electrons on neutral carbon dioxide were found to be similar but not identical to the spectra produced by the impact of 584-A photons on CO2. At equivalent energies, the cross sections for the two processes were found to be nearly equal [Wauchop and Broida, 1971; Ajello, 1971] . In analogy to the production of the N,? Figure 4 . A comparison between it and the Mars spectrum in Fig-. ure 2 shows that the vibrational distribution in the A-X bands is not the same in the two spectra. For example, in the Mars spectrum the 0, 0 band is more intense than the 2, 2, whereas in the laboratory spectrum the reverse is true. When the laboratory spectrum was subtracted from the Mars spectrum, the bands at longer wavelengths that arise from the lowest vibrational levels were the most intense in the spectrum that remained. The emphasis on the lower vibrational levels is indicative of a spectrum produced by fluorescent scattering, since the higher vibrational levels require shorter wavelength photons for excitation, and the solar spectrum falls off with decreasing wavelength in this part of the spectrum. A synthetic spectrum that shows the relative intensities expected from fluorescent scattering is plotted in Figure 5 . This spectrum was calculated from the transition probabilities measured by Hesser [1968] previously [Barth, 1966 [Barth, , 1969 . Both predicted spectra differ from the vibrational distribution of the Cameron bands in the Mars spectrum. In the fluorescent scattering spectrum, the vibrational population of the upper level falls off more rapidly than in the Mars spectrum. In the photoelectron excitation spectrum, the (1, 0) band is more intense than the (0, 0) band, while in the Mars spectrum the reverse is true. These two mechanisms are also inadequate to account for the intensity of the Cameron bands quantitatively. The upper state of the Cameron bands, the a 8II, is metastable; its lifetime has been measured to be 7.5 ñ 2 msec [Lawrence, 1971] It is possible, however, to determine a nominal altitude scale by assuming a simple atmospheric model and by using the ultraviolet data themselves to determine the altitude scale [Stewart, 1971] . The radio occultation experiment that measured the electron density in the Mars ionosphere determined that the maximum electron concentration occurred at an altitude of 135 km at a location where the solar zenith angle was 57 ø [Fjeldbo et ed., 1970] . Since this height measurement directly depended on the tracking of the spacecraft, it was possible to achieve an accuracy to within I km. By assuming that the upper atmosphere is nearly pure COo. and that the maximum electron density occurs at the same altitude as the maximum rate of photoionization, it is possible to calculate that the total column density of COo. above 135 km is 4.2 X 10 •6 molecules cm -ø'. As will be seen in the next section, the Cameron bands, besides being the most intense emission, were observed over the most extensive altitude range of any of the ultraviolet emissions. By using COo. absorption coefficients and the model atmosphere, the location of a maximum in the 120 , , ,,,,,,1 p , , ,, originates from a process that excites atomic oxygen itself. This is true certainly above 240 km and may be true over the entire observed altitude range. Examination of the data indicates that there is not a single well-defined scale height, but instead there is an altitude variation that suggests that there are two excitation processes, one with a maximum at very high altitudes in the range 500 to 700 km and the other with a maximum in the range 100 to 300 km. In analogy with the excitation processes producing the 1304-A line in the earth's airglow, the high-altitude excitation process on Mars must be the resonant scattering of solar radiation by atomic oxygen and the low-altitude source, the photoelectron excitation of atomic oxygen. Photon or electron impact dissociative Table 2 lists the intensities for the COo.* bands, the B-X band, the A-X band system, the A-X (2, 0) band, and the A-X (0, 1) band; Table 3 lists the CO a-X band system and the 0 I 2972-A line; Table 4 the CO A-X band system, the 0 I 1356-A line, and the C I 1657-A line; and Table   5 that the slit is aligned tangentially with the spherical atmosphere. Corrections for these assumptions can be made by using the analytic formalism given in a discussion of the geometry of planetary spacecraft observations [Hord et al., 1970] . For the two limb crossings each for Mariners 6 and 7, the slant range to the point where the line of sight was perpendicular to the radius vector was 7600, 6000, 8900, and 6200 km, respectively, and in all cases the slit was aligned tangentially within 3 ø.
For the spectral range above 1900 A, the slant intensity of the emission features is given for each individual limb crossing, whereas for those emission features below 1900 A, with the exception of the 1304-A line, the slant intensities for the four limb crossings are averaged and the altitude given is the average altitude for the four observations. Because of the large number of data points, the Lyman a 1216-A data are not given in tabular form but are available, along with the rest of these data, from the National Space Science Data Center.
Possible errors in the measured intensity of the Mars upper atmosphere spectral emissions may result from four causes: (1) the absolute calibration of the spectral response of the instrument, (2) the subtraction of the background produced by the off-axis response of the instrument, (3) the elimination of impulsive noise generated by the photomultiplier tubes, and (4) the subtraction of the electronic off-set produced by imbalance in the amplifier circuits.
The method of calibration and the estimate of the calibration errors are given in the instrument paper ]. Because of a lack of photometric standards for wavelengths less than 3000 A, systematic errors in the calibration may be discovered in the future as standards are developed and adopted. For this same reason, the measured values of solar flux, which are used in conjunction with the planetary airglow data to determine upper atmosphere densities, may also be revised. However, the relative change in intensity with altitude, which is used to determine scale heights, will not be affected by changes in the absolute standards.
The three remaining causes, the subtraction of off-axis response, photomultiplier noise, and electronic off-set, are susceptible to subjective judgement in the reduction process. The subtraction process has the largest effect on the data at high altitudes where the intensity is small and at low altitudes where the background is large. The errors involved in the subtraction process do affect the variation of intensity with altitude. These errors may best be evaluated by a repetition of the reduction process, which is possible by using the data available through 
